Abstract
3

Background
48
During multifaceted experiments involving intensive care in large animal models in translational research,
49
information regarding animal monitoring is often collected with varying accuracy, scope, and end-user 50 applications. Data collection can be manual, electronic, or both [1] [2] [3] . Manually input data can include 51 subjectively scored end-points such as the plane of anaesthesia, and objective data such as heart rate or 52 breaths per minute. Depending on the goals of the study, some information may be used to validate or test 53 novel therapies, or to understand and refine existing treatments. In some cases, experimental information 54 may be gathered for scientific curiosity or for "classified" use, and outcomes may never be publicly available,
55
especially if the results are negative.
56
The source of data for this study was from a sheep model [2-4] being treated for smoke-induced 57 acute lung injury using veno-venous extracorporeal membrane oxygenation [2], a form of extracorporeal life 58 support (ECLS) developed to complement the treatment of acute lung injury in humans [5] [6] [7] . During this type 59 of ECLS, venous blood is carried from the patient to a gas exchange device where it becomes enriched with 60 oxygen, has carbon dioxide removed, and is returned to the patient's circulation in the right heart. This 
73
The overall goal was to provide useful information relevant to the sheep model, itself, and to those 74 interested in large animal experimentation and veterinary medicine, generally. The specific objectives were: 75 1) use the raw data from the sheep model study to create a data management system for tabulating large 76 data sets from human studies using animal models and, 2) analyse that data to provide biological information 77 that is not currently available for sheep receiving ECLS following smoke-induced acute lung injury.
78
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Methods
79
The study was carried out at the purpose-built Medical Engineering Facility of Queensland University of 
99
The source study involved 64 sheep, comprising eight experimental groups of eight sheep based on 100 the study's multiple objectives, subsequent modifications, and later addition of experimental controls. The 101 experimental groups were classified based on: the duration of treatment (2 and 24 hours; E2H and E24H); 102 treatment after smoke inhalation (injury) for 2 and 24 hours (SE2H and SE24H); and treatment after smoke 103 inhalation and transfusion with fresh or stored (aged) blood (SEF24H or SEA24H), respectively. Two 104 additional groups included one group receiving smoke inhalation injury but no treatment (SC24H), and
105
another group that inhaled room air only as the injury (placebo) and no treatment (C24H). Data from sheep 106 involved in the treatment and transfusion studies were not included in the analysis in this study because 107 these data were beyond the scope of this study. Nineteen sheep were included in the present study; data 108 were analysed for 16 sheep with robust data (E24H and SE24H), and included, but not analysed, for three
109
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112
Manually acquired physiological data workflow
113
A clone of the master manual data entry spreadsheet was created by removing the formatting and formulas.
114
Several members of the sheep ECMO research team inspected data repeatedly for errors to ensure that all 115 columns, rows, time points, and data points had been copied correctly, including number formats (Figure 1 ).
116
Redundant columns were removed and data were aligned to experimental time points (Figure 2 
134
The electronically acquired physiological monitoring data were inspected for errors and cleaned to provide 
137
Pre-data analysis checks
138
Data were then subjected to further integrity checks. An important step was to make a plot of data versus 139 time together with descriptive statistics for all data points in the grouped data. At the time of data processing,
140
. CC-BY-NC-ND 4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/058511 doi: bioRxiv preprint first posted online Jun. 12, 2016; the "Descriptive Statistics" tool of Microsoft® Excel 2010 (Microsoft Corporation) did not complete analysis 141 with missing values. Therefore, the data to be analysed were selected and then the "GoTo" tool (F5) was 142 used, and "Special", "Blanks", and thereafter, "OK" were selected to identify blanks. The blanks were deleted 143 by positioning the cursor in the blank cell and using the space bar to clear the cell (the "Delete" or
144
"Backspace" keys did not remove the blanks).
145
After artefact removal and integrity checks, data for individual sheep were placed into six categories: 
159
Statistical methods
160
To meet the second objective, data from the groups, uninjured/treated and injured/treated groups were 161 analysed. The means, medians and standard deviations of the weights of the sheep, where applicable, were 162 tabulated. The physiological parameters of the groups were charted and compared against each other using 163 one-way analysis of variance (ANOVA), where appropriate. Parameters between groups were compared 164 using a paired two-tailed t-test. All p-values were two-sided and p < 0.05 was considered statistically 165 significant. All statistical calculations were performed using GraphPad PRISM 6 software (GraphPad
166
Software, La Jolla, CA, USA).
168
Results
169
The biodata of the sheep that were used in the current analysis are presented in 
192
The pCO 2 in all but the uninjured/treated sheep increased initially before plummeting sharply,
193
forming a shallow trough corresponding to 1 hour after the start of treatment, followed by a slight increase 194 before stabilising in all sheep.
195
There was a gradual decrease in pO 2 in the treated groups of sheep from baseline before 
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The fraction of oxyhaemoglobin (FO 2 Hb) decreased sharply with the lowest reading at 5 minutes 
218
Electrolytes
219
The blood sodium concentration [Na + ] was relatively stable and there were no significant differences 220 between groups.
221
There was an initial decrease in the blood calcium 
232
Overall, the anion gap decreased gradually, reaching a relatively gentle slope at approximately 6
233
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237
Metabolites
238
Although there was an increase in blood glucose level [Glu] for the injured/treated sheep after 6 hours of 239 treatment, the change was not significant.
240
There was an initial decrease in lactate levels [Lac] 6 hours after the start of treatment, followed by a 
249
Blood bicarbonate concentrations [HCO 3 -] increased initially in the untreated groups before 250 decreasing gradually; however, levels remained higher compared with the treated sheep.
252
Haemodynamics
253
There was a gradual decrease in heart rate (HR) during the course of the experiments, with the 254 placebo/untreated groups maintaining a higher HR compared with the injured/untreated, injured/treated, and 255 uninjured/treated groups early in the experiments. There was no significant difference in HR between the 256 uninjured/treated and injured/treated groups.
257
The mean arterial blood pressure (MAP) decreased early in the experiments before subsequently 
262
The mean pulmonary artery pressure (MPAP) increased gradually, with the injured/treated group 263 having a consistently higher MPAP. There was no significant difference in MPAP between the
264
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290
After an initial increase in systemic vascular resistance index (SVRI) to approximately 1 hour after 291 the start of treatment, SVRI began to decrease in all experimental groups before plateauing after 12 hours of 292 treatment followed by a gentle increasing trend until the end of the experiments. SVRI in the injured/treated 293 group was consistently below that of the other groups during treatment while that of the injured/untreated 294 group was correspondingly higher. There was no significant difference in SVRI between the groups.
295
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There was a slight decrease in the oxygen delivery index (DO 2 I) in all groups to 1 hour of treatment 
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CC-BY-NC-ND
4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/058511 doi: bioRxiv preprint first posted online Jun. 12, 2016; The oxygen extraction index (O 2 EI) decreased in all groups before plateauing at approximately
336
The injured/untreated and injured/treated groups produced the least and most urine on average,
337
respectively. There was no significant difference in urine output between the uninjured/treated and 338 injured/treated groups. 
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There were significant differences in the ECLS pump speed, blood flow, and pressure differential between 
373
Discussion
374
The results of this study agree with and confirm earlier preliminary observations that ECLS causes a 375 decrease in pulmonary compliance over time [9] . It was expected that the injured sheep would have 376 relatively lower SpO 2 readings compared with the other groups because of episodes of hypotension with 377 hypoxemia, which can affect pulse oximeter function [14] . The relatively low etCO 2 in the injured sheep 378 suggested that the sheep may have hyperventilated, the causes of which were evaluated with respect to 379 reactive oxygen species or superoxide dismutase activity by a team from the source study [15, 16] .
380
The relatively low blood pH in the injured/treated sheep suggested that the sheep tended to 381 metabolic acidosis as the same group of animals also had low etCO 2 . This also means that there was no 
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The relatively higher levels of [Hb] 
422
suggesting that ECLS was a contributing factor.
423
The resting HR of sheep is 50-80 beats/min [22] . In a study that instrumented conscious sheep, the 424 baseline heart rate was registered as 106 ± 9 beats/min [32] . In the present report, all of the sheep had a 425 relatively high HR, suggesting that stress and pain were contributing factors. The gradual decrease in HR
426
during the course of the experiments was consistent with the effects of anaesthesia [22] .
427
In sheep, a mean arterial pressure below 60 mmHg indicates inadequate tissue perfusion [22] . 
436
There was a benefit of ECLS treatment for SvO 2 as it remained high for both the injured/treated and 437 uninjured treated groups. The consistently low SvO 2 in the injured/untreated group was expected because of 438 the slightly reduced cardiac output in this group; however, this level of SvO 2 was still higher than that
439
reported in other studies [32] . Smoke injury was associated with a sustained decrease in cardiac output in all
440
of the sheep that were exposed to smoke. As in CCO changes, the SV, SVI and CI all had similar profiles for 
447
The reduction in coronary perfusion pressure in the injured/treated, and to a certain extent the 448 uninjured/ treated sheep, suggested that ECLS contributed to the decrease in CPP, in addition to smoke 449 injury. CPP is an indicator of myocardial perfusion and has been proposed as a drug target during
450
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452
The apparent increase in CaO 2 in the injured sheep could have been due to the relative increase in
453
[Hb] secondary to dehydration. The low DO 2 I in the injured/treated and uninjured/treated groups suggested 454 that ECLS had a contribution, in addition to smoke, based on the relatively higher DO 2 I in the 455 injured/untreated sheep. Interestingly, the O 2 EI had a comparable profile to that of the PaO 2 /FiO 2 ratio, and 456 could also be used to predict the contribution of ECLS to smoke-related injury.
457
The smoke-injured sheep required considerable amounts of intravenous fluids to compensate for the 458 losses from pulmonary exudation and inflammation [17, 19] . The mean urine production in all groups was 
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An additional limitation relates to the first objective of creating a data management system for tabulating 483 large data sets from human studies using animal models. Because the method has not been validated, it is 484 considered preliminary and further validation studies are required. Also, the numbers of sheep were low and 485 this was especially so in the injured/untreated and placebo/untreated groups, preventing comparisons 486 between the treated and untreated sheep. A further limitation is that cytokine levels, as predictors of lung 487 injury, were not quantified. Using ELISA assays to quantify cytokine levels proved difficult and the cost was 
492
Conclusions
493
The results of this study demonstrated that this preliminary method of raw data processing was effective and 
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(injured/untreated); C24H=Sheep subjected to room air injury as a control for smoke and monitored for 24
722
hours without ECLS (placebo/untreated).
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